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(57) Atatraste A system for generating electrical energy in a ve- 
hicle tyre (1) comprises at least ooze piezoelectric element (9, 109) 
associated to the tyre (1) which generates electrical energy when- 
ever it is deformed, and this piezceleczric element (9, 109) is elon- 
gate, extends along at least a portion of the tyre (1) and is con- 
nected electrically to an electrical circuit that is applied to rite said 
tyre (1) and is not in electrical communication with the vehicle. 
The piezoelectric element (9. 1G9) preferably comprises a coaxial 
cable (10) extending along a straight or undulated path of the tyre 
circumference. 
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PIEZOELECTRIC GENERATOR FOR SENSORS INSIDE VEHICLE TYRES 



The present invention relates to a system for generating and using 
electrical energy in a vehicle tyre and a tyre equipped with this system. 

More specifically, the present invention relates to a system for 
generating electrical energy while a vehicle is in motion, this energy 
also being able to be stored for use in the said tyre even when the 
vehicle is stationary. 

US 4,504,761 discloses an electricity generating apparatus 
comprising 

- a motor vehicle having an electrical system comprising a battery and 
a plurality of assemblies comprising a wheel and a tyre having a 
rubber envelope comprising a first annular band and a second 
annular band that has a plurality of projections positioned close to 
the first band so as to move towards it in response to rolling 
movements of the tyre; and 

- means for generating electricity in response to movements of the 
motor vehicle along a road comprising 

- a multiplicity of piezoelectric elements fixed to the first band and 
positioned close to the projections so as to engage with them 
during the rolling movement of the tyre in order to generate 
electricity in response to the rolling movement of the tyres with 
respect to the road; and 

- means of interconnection of the piezoelectric elements in a circuit 
with the battery to supply electrical energy, generated by the 
piezoelectric elements, to the battery, the said means having 
output conductors. 

The electricity generating system in that patent exhibits many 
disadvantages. The bands carrying the piezoelectric elements and the 
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projections which activate them require the existence of a sort of 
chamber in the tyre. This requires a profound modification of the 
structure of the tyre and significantly increases the costs of 
manufacture. It also increases the weight of the tyre and thereby 
adversely affects its performance, such as rolling resistance and 
comfort 

In addition, the fitting of the various piezoelectric elements in their 
band and the formation of the inductive systems necessary to transmit 
the electrical energy produced to the battery of the motor vehicle are 
very complex and expensive. 

It is also known that it has been proposed that various types of 
sensors be installed in the tyre, e.g. pressure, temperature, force, 
velocity sensors an the like, to monitor and control the performance of 
the tyre and/or of the vehicle. These systems however require an 
electrical power supply system for the operation of the sensor and/or of 
the transmitter which transfers out the data and information collected by 
the sensor. 

The power supply systems proposed hitherto are essentially of two 
types. 

The first type consists of inductive systems or shding-contact 
systems such as that required in US 4,504,761 , except that the 
electrical energy is transferred from the vehicle battery to a sensor 
and/or transmitter located in the tyre. However, as we have already 
seen, these systems have the drawback of being very complicated and 
expensive. 

The second type meanwhile consists of a cell mounted inside the 
tyre. However, even the most sophisticated and expensive cells 
eventually run down and replacing them with a new cell inside the tyre 
will be a nuisance and expensive for the user of the vehicle. 
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The industry is therefore still highly conscious of the need for a 
system able to power a sensor and/or a transmitter located inside a tyre 
of a vehicle wheel that will be simple, cheap and not inconvenience the 

user of the vehicle. 

The inventors have now realized that this objective can be achieved 
by means of a piezoelectric element associated to a tyre without 
requiring any modification to the conventional tyre structure. 

In its first aspect, the present invention relates to a system for 
generating electrical energy in a vehicle tyre comprising at least one 
piezoelectric element associated to the said tyre which generates 
electrical energy whenever it is deformed, the said tyre also comprising 
a carcass and a tread and being mounted on a vehicle wheel rim. 
characterized in that the said at least one piezoelectric element is 
elongate, extends along at least a portion of the said tyre and is 
connected electrically to an electrical circuit that is applied to the said 
tyre and is not in electrical communication with the vehicle. 

In its second aspect, the present invention relates to a tyre for a 
vehicle comprising at least one piezoelectric element that generates 
electrical energy whenever it is deformed, the said tyre also comprising 
a carcass and a tread and being characterized in that the said at least 
one piezoelectric element is elongate, extends along at least a portion 
of the said tyre and is connected electrically to an electrical circuit that 
is applied to the said tyre and is not in electrical communication with 
the vehicle. 

In a first preferred embodiment, the said electrical circuit comprises 
a sensor for monitoring and controlling the performance of the tyre 
and/or of the vehicle. 

Typically, the said sensor is selected from pressure, temperature, 
force, velocity sensors and the like. 
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In a second preferred embodiment, the said electrical circuit 
comprises a transmitter that transmits out of the tyre the data collected 

by the said sensor. 

Preferably, the said transmitter is operationally connected to a 
receiver installed in the vehicle. In this way the data acquired by the 
sensors operating inside the tyre are processed by suitable devices 
installed on the vehicle in order to initiate actions designed to 
regulate/optimize the behaviour of the moving vehicle during cornering 
and/or when travelling in a straight line, as described in European 
Patent Applications No. 99830714.4 filed on 18 November 1999, and 
No. 00830041 .0 filed on 25 January 2000, in the present Applicant's 
name. 

Typically, the said transmitter is a radio transmitter. 
In a third preferred embodiment, the said electrical circuit includes a 
device that stores the electrical energy produced by the said 

piezoelectric element. 

Advantageously, the said storage device is a capacitor/rechargeable 
battery assembly that acts as a buffer battery. 

The arrangement of the said elongate piezoelectric element and its 
length are not of critical importance. However, it is preferable to attach 
it to an inside surface of the said tyre carcass because fitting it here is 
very economical. 

Still more preferably, the said elongate piezoelectric element is laid 
with an undulated path along the circumference of the tyre. This makes 
it possible to have a continuous output of power. 

A typical example of an elongate piezoelectric element according to 
the invention is a coaxial piezoelectric cable comprising a central core 
of electrically conducting material, an electrically insulating layer made 
of a piezoelectric polymer, a braided conductor made of an electrically 
conducting material, and a sheath. 
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The said electrical circuit and its components are preferably also 
attached to an inside surface of the said carcass for the reasons 
already given on the subject of the said elongate piezoelectric element. 

In the course of this description and the claims, the expression 
-elongate piezoelectric element" is used to indicate a piezoelectric 
element whose length is at least 2 times, preferably at least 3 times, 
and still more preferably at least 5 times greater than its width or 
diameter. The length of the said -elongate piezoelectric element" is 
preferably at least 30 mm because otherwise it does not have sufficient 
sensitivity to the deforming variations imposed on any portion of the 

tyre during its rotation. 

The features and advantages of the invention will now be explained 
with reference to an embodiment shown by way of non-restrictive 

example in the accompanying figures, where: 

Fig. 1 shows a system for generating electrical energy comprising a 
piezoelectric element associated to a vehicle tyre and produced in 
accordance with the invention, the tyre being shown in perspective and 
in a half section on an equatorial plane; 

Fig. 2 is a cross section through the tyre of Fig. 1; 

Fig. 3 shows a variant of the tyre of Fig. 1 ; 

Fig 4 is an end-on perspective view on a larger scale of the 
piezoelectric element of Fig. 1 ; 

Fig. 5 is a side view of the piezoelectric element of Fig. 4; 

Figs 6 and 7 show diagrammatically a number of components of an 
electrical circuit applied to the tyre of Fig. 1 ; 

Fig. 8 is a graph showing the potential difference generated by the 
piezoelectric element of Fig. 1 against time; and 

Fig. 9 is a graph showing the voltage generated by the piezoelectric 
element of Fig. 1 against the velocity of the vehicle. 
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Figs 1 and 2 show a vehicle tyre 1 comprising a carcass 2, a tread 3, 
belt plies (belt pack) 4. sidewalls 5 and beads 6. The carcass 2 has an 
inside surface 7, optionally covered with a liner. The tyre 1 is mounted 
on a wheel rim 8. According to the invention an elongate piezoelectric 
element 9 formed by a coaxial piezoelectric cable 10 is associated to 
the tyre 1 . The piezoelectric cable 10 is attached to the inside surface 7 
of the carcass 2. The cable 10 extends all the way around the 
equatorial circumference of the inside surface of the carcass in a 
longitudinal direction (direction X, orthogonal to the plane Y2). that is, 
in the direction in which the vehicle is travelling. The piezoelectric 
cable 10 may also extend circumferentially along a sidewall 5 of the 
tyre 1 or only along a portion of the circumference (an arc of the 
circumference). 

Fig. 3 shows an elongate piezoelectric element 109 formed by a 
coaxial piezoelectric cable 10 that extends along the equatorial 
circumference, following an undulated path. 

As shown in Figs 4 and 5, the piezoelectric cable 10 comprises a 
central core 1 1 of electrically conducting material, an electrically 
insulating layer 12 and a braided conductor 13, also made of 
electrically conducting material. The core 1 1 may be made of e.g. 
strands of brass- coated steel wire while the conductor 13 is copper. 
The electrically insulating layer 12 is interposed between the core 11 
and the conductor 13 and consists of a piezoelectric polymer such as 
polyvinylidene fluorinated (PVDF) for example. Fitted over the 
conductor 13 is a protective outer sheath coating 14 of elastoplastic 
material, e.g. polythene or halobutyl rubber. The piezoelectric cable 10 
has a diameter of for example approximately 3mm. 

In the embodiments illustrated in Figures 1, 2 and 3, the 
piezoelectric cable 1 0 is attached to the inside surface 7 of the carcass 
2, but can also be embedded within the carcass 2, where it can replace 
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one of the cords of the carcass 2 ply. within the belt 4 where it can 
replace a belt cord, or in the tread 3, where it can be applied inside a 
circumferential groove of the tread 3, preferably in the bottom of a 
groove. 

When the piezoelectric layer 12 is caused to deform at a certain 
speed, it generates a potential difference between the central core 11 
and the conductor 13. This potential difference is proportional, typically 
in a linear way, to the variation of deformation imposed on 12. More 
specifically, the potential difference depends on the velocity of 
deformation of the piezoelectric layer 12. 

This state of deformation of the piezoelectric layer 12 occurs every 
time a displacement of that part of the tyre to which the piezoelectric 
cable 10 is attached or in which it is embedded is propagated to the 
cable 10 and hence to the layer 12. 

Therefore, when the vehicle is travelling and the tyre 1 is rolling over 
a surface, an electric voltage (potential difference) is produced in the 
cable 10 proportional to the variants of its deformations. In the graph. 
Fig. 8, the amplitude (millivolts) of the voltage over time (sec) is shown 
for a piezoelectric cable 10 having an electrical capacitance equal to 
700 pF/m (picofaradays per metre) and a piezoelectric coefficient d3h 

of 0.15 pC/N (picocoulombs per Newton), attached to a tyre rolling at a 

velocity of 80 km/h. 

The piezoelectric cable 1 0 is electrically connected by conductors 16 
to a device 15 capable of storing the electrical energy produced (Fig. 
6). The device 15 may consist of, for example, a 
capacitor/rechargeable battery that acts as a buffer battery and is 
mounted on the inside surface 7 of the carcass (Fig. 2) or inside the rim 
8. In the latter case the electrical circuit is attached not only to the tyre 
but also therefore to the rim 8. 
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This provides a constant source of power because the piezoelectric 
cable 10 is used as a "dynamo* that generates electrical energy and 
the energy produced is stored in the capacitor/rechargeable battery 1 5. 

The central core 1 1 and the conductor 13 of the cable 10 are 
connected electrically not only to the capacitor/rechargeable battery 15 
but also to other components of an electrical circuit. These 
components, which use the electrical energy generated by the cable 
1 0, consist of sensors, transmitters or sensor/transmitters, one of which 
is indicated at 18 in Fig. 7. 

Fig. 9 shows the amplitude of the voltage (volts) generated by two 
types of piezoelectric cable arranged in line along the internal 
equatorial circumference of a tyre as the rolling velocity (km/h) varies. 
In the case of curve attie piezoelectric cable had an electric 
capacitance of 800 pF/M and a piezoelectric coefficient d3h of 1.5 
pC/N. In the case of curve b the piezoelectric cable had an electric 
capacitance of 700 pF/m and a piezoelectric coefficient d3h of 0.15 
pC/N. 
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CLAIMS 

1 . System for generating electrical energy in a vehicle tyre (1 ) 
comprising at least one piezoelectric element (9; 1 09) associated to 
the said tyre (1 ) which generates electrical energy whenever it is 
deformed, the said tyre (1) also comprising a carcass (2) and a 
tread (3) and being mounted on a vehicle wheel rim (8), 
characterized in that the said at least one piezoelectric element (9; 
1 09) is elongate, extends along at least a portion of the said tyre 

(1 ) and is connected electrically to an electrical circuit that is 
applied to the said tyre (1) and is not in electrical communication 

with the vehicle. 

2. System according to Claim 1 , characterized in that the said 
electrical circuit comprises a sensor (18) for monitoring and 
controlling the performance of the tyre and/or of the vehicle. 

3. System according to Claim 2, characterized in that the said sensor 
(18) is selected from pressure, temperature, force, velocity sensors 
and the like. 

4. System according to Claim 2, characterized in that the said 
electrical circuit comprises a transmitter (18) that transmits out of 
the tyre the data collected by the said sensor. 

5. System according to Claim 4, characterized in that the said 
transmitter (18) is operationally connected to a receiver installed in 
the vehicle. 

6. System according to Claim 5, characterized in that the said 
transmitter (18) is a radio transmitter. 

7. System according to Claim 1 , characterized in that the said 
electrical circuit includes a device (15) that stores the electrical 
energy produced by the said piezoelectric element (9; 109). 
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8. System according to Claim 7, characterized in that the said storage 
device (15) is a capacitor/rechargeable battery assembly that acts 

as a buffer battery. 

9. System according to Claim 1 , characterized in that the said at least 
one elongate piezoelectric element (9; 1 09) extends along at least 
a portion of the circumference of the said tyre (1 ). 

10. System according to Claim 1. characterized in that the said 
elongate piezoelectric element (109) follows an undulated path 
along the circumference of the said tyre (1). 

11. Tyre (1) for a vehicle comprising at least one piezoelectric element 
(9; 109) that generates electrical energy whenever it is deformed, 
the said tyre (1) also comprising a carcass (2) and a tread (3) and 
being characterized in that the said at least one piezoelectric 
element (9; 109) is elongate, extends along at least a portion of the 
said tyre (1 ) and is connected electrically to an electrical circuit that 
is applied to the said tyre (1) and is not in electrical communication 
with the vehicle. 

12. Tyre (1) according to Claim 11. characterized in that the said 
electrical circuit comprises a sensor (18) for monitoring and 
controlling the performance of the tyre and/or of the vehicle. 

13. Tyre (1) according to Claim 12, characterized in that the said 
sensor (18) is selected from pressure, temperature, force, velocity 
sensors and the like. 

14. Tyre (1) according to Claim 12. characterized in that the said 
electrical circuit comprises a transmitter (1 8) that transmits out of 
the tyre the data collected by the said sensor. 

15. Tyre (1) according to Claim 14, characterized in that the said 
transmitter (18) is operationally connected to a receiver installed in 
the vehicle. 
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16. Tyre (1) according to Claim 15, characterized in that the said 
transmitter (18) is a radio transmitter. 

17. Tyre (1 ) according to Claim 1 1 . characterized in that the said 
electrical circuit includes a device (15) that stores the electrical 
energy produced by the said piezoelectric element (9; 1 09). 

18. Tyre (1) according to Claim 17, characterized in that the said 
storage device (15) is a capacitor/rechargeable battery assembly 
that acts as a buffer battery. 

19. Tyre (1) according to Claim 1 1 , characterized in that the said at 
least one elongate piezoelectric element (9; 109) extends along s 
least a portion of the circumference of the said tyre (1 ). 

20. Tyre (1 ) according to Claim 1 1 , characterized in that the said 
elongate piezoelectric element (109) follows an undulated path 
along the circumference of the said tyre (1 ). 
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